Abstract-Consumption growth is predictable, a basic violation of the permanent-income hypothesis. This paper examines three possible explanations: rule-of-thumb behavior, in which households allow consumption to track per period income flows rather than permanent income; habit persistence; and nonseparability in preferences over consumption and leisure. The results illustrate that weak instruments make the results highly sensitive to some arbitrary choices common in the literature. Using a technique that is robust to instrument choice, the analysis shows support for habit persistence and rule-of-thumb behavior and little support for nonseparability between consumption and leisure.
I. Introduction
A s Hall (1978) illustrated, the most basic model of intertemporal optimization by households implies that the change in marginal utility is a martingale difference sequence with respect to lagged information, and hence should be unpredictable; his empirical work found some evidence for predictability based on stock prices. Since then, research has demonstrated that consumption growth is clearly predictable, even after controlling for intertemporal substitution induced by interest rate movements. These findings suggest important roles for rule-of-thumb behavior (Campbell & Mankiw, 1989 , habit formation or costs-of-adjustment (Fuhrer, 2000) , and nonseparable preferences over consumption and leisure (Basu & Kimball, 2002) . 1 Of these hypotheses, habit formation has recently garnered the greatest amount of attention in the consumption and finance literatures. Habit formation provides a preference-based approach that generates persistence in consumption growth. These "microfoundations" and some empirical success have led to an increasing role for habits in consumption modeling, particularly in dynamic general equilibrium models (Christiano, Eichenbaum, & Evans, 2005; Edge, Kiley, & Laforte, 2008) . However, empirical work supporting preference specifications with habits has been limited. Ferson and Constantinides (1991) , Ravn, SchmittGrohe, and Uribe (2006) , Tallarini and Zhang (2005) , and Sommer (2007) estimate parameters of the utility function using the consumption Euler equation (for example, the intertemporal first-order condition for consumers) and provide evidence for habits. However, these authors do not consider alternative hypotheses that could generate predictable movements in consumption growth, and hence their results do not help discriminate among different possible explanations. 2 Fuhrer (2000) does allow for both habit persistence and rule-ofthumb behavior. He finds that both rule-of-thumb behavior and habit persistence are important in accounting for predictable consumption growth. Basu and Kimball (2002) compare rule-of-thumb behavior and nonseparable preferences over consumption and leisure and find support for nonseparability; however, they do not consider habit persistence. Galí, López-Salido, and Vallés (2007) also estimate the importance of nonseparability between consumption and leisure and rule-of-thumb behavior in consumption fluctuations; their findings suggest a more important role for rule-of-thumb behavior than do those of Basu and Kimball, but again exclude a role for habit persistence. It is also important to note that Galí et al. (2007) show that the choice of mechanism to introduce predictability in consumption growth has important macroeconomic consequences, implying that a comparison of the type done here is needed.
This research ties up loose ends in the literature by examining all three hypotheses. The following section presents a framework that allows habit persistence, nonseparable preferences over consumption and leisure, and rule-of-thumb consumers. The third section presents empirical results, highlighting the effects of weak instruments.
II. A Model to Guide the Analysis
Suppose there are two types of households: optimizing consumers and rule-of-thumb consumers. Optimizing households maximize the utility function
where H(t) is the consumption habit and v٪ is a function governing the disutility associated with labor supply (L) at time t ϩ j. Habits enter in the external form; they depend on lagged values of aggregate consumption, not the household's own consumption and are considered exogenous by the household when making its consumption and savings decisions,
where A(L) is a polynomial in the lag operator. 1 Another hypothesis is inattention by consumers (Reis, 2004) . This hypothesis is more difficult to test, as it involves potentially large delays between innovations in fundamentals and consumer responses.
2 A large literature examines the asset pricing implications of habit persistence but does not examine the implications of habit persistence for consumption fluctuations per se; some representative examples include Constantinides (1990) , Abel (1990) , and Campbell and Cochrane (1999) .
There have also been some studies examining household-level data on consumption (Dynan, 2000) . These household-level studies have reached mixed conclusions and are not well suited to addressing the range of alternative hypotheses considered here (habits, nonseparability, and ruleof-thumb behavior) because household-level data sets typically lack sufficient information on both consumption and income over long time periods.
3 The external habit assumption simplifies the analysis and is quite common (Abel, 1990; Campbell & Cochrane, 1999) .
where i(t ϩ 1) is the nominal interest rate between periods t and t ϩ 1 and (t ϩ 1) is the rate of price inflation between periods t and t ϩ 1. Log-linearizing yields
where H/C and L are the steady-state ratio of habit to consumption and labor supply. 4 Equation (4) illustrates that the predictability of consumption growth does not imply deviations from optimal behavior if that predictability comes from predictable movements in interest rates (that is, intertemporal substitution), the effects of habits, or the effect of nonseparable preferences between consumption and leisure. The coefficients on the habit and labor supply are related to that on the (ex ante real) interest rate, a set of restrictions across coefficients exploited by Basu and Kimball (2002) in a model without habits.
Rule-of-thumb consumers consume all of their current period income. They receive a constant fraction, w, of income Y(t).
Under these assumptions, aggregate consumption growth is (approximately) given by the following equation:
The formula for the habit from equation (2), a distributed lag of consumption, has been substituted into equation (5).
In the empirical analysis, the habit process is assumed to depend simply on one lag of consumption; this assumption is consistent with the findings in Fuhrer (2000) . Equation (5) is rewritten as
where the parameters estimated are s, h, l, and (along with a constant). In the absence of habit persistence, h equals 0. If preferences are separable between consumption and leisure, 1 equals 0; and if rule-of-thumb behavior is absent, equals 0.
The data used in the analysis span the period from 1960:Q1 to 2004:Q4 and are described in detail in the data appendix. Consumption, C(t), is measured by nondurable and services expenditures (excluding housing services) per capita. Income (per capita), Y(t), is given by disposable personal income (deflated by the price index for personal consumption expenditures). Labor supply, L(t), is measured by hours per capita in the nonfarm business sector. All growth rates are expressed at annual rates. The (ex ante) real interest rate, i(t ϩ 1) Ϫ (t ϩ 1), is the quarterly average of the three-month Treasury bill rate minus the (log) change in the personal consumption deflator over the next quarter. Inflation ((t)) is the log difference of the personal consumption deflator.
III. Empirical Results

A. Sensitivity to Instrument Choice
The first set of results reports estimated parameters for equation (6) under two alternative sets of instruments, which capture an important difference in instrument choice between, for example, Basu and Kimball (2002) and Fuhrer (2000) . Both instrument sets consist of data lagged two periods or more, as time aggregation can induce first-order serial correlation in consumption growth (Working, 1960) . In the first set, the instruments include the second and third lag of four variables: consumption growth, labor and transfer income growth, the real interest rate, and growth of hours per capita (similar to Basu & Kimball, 2002) . The second set adds the second and third lag of the inflation rate, an important instrument used in Fuhrer (2000) . Table 1 reports results obtained via the generalized method of moments (GMM).
Two results are apparent from the parameter estimates (and asymptotic standard errors) under instrument set 1 in the first column. First, only the coefficient on hours per capita-the parameter 1 associated with nonseparable preferences between consumption and leisure or labor supply-is significant at the 10% level or better. Second, the estimates do not support an important role for habit persistence, as the point estimate of the coefficient h is small and not significantly different from 0 statistically. These results are robust to a wide variety of alternative assumptions and restrictions using this information set, as reported in Kiley (2007) . These results would seem to support the finding in Basu and Kimball (2002) Notes: *, ** Statistically different from 0 at the 10%, 5%, and 1% levels, respectively. Estimation by GMM. Asymptotic standard errors (in parentheses) corrected for heteroskedasticity and first-order autocorrelation. Instrument set 1 includes the second and third lags of the growth rates of consumption, hours, and real disposable personal income and the real interest rate, defined as discussed in the text. Instrument set 2 consists of instrument set 1 and the second and third lags of inflation in the personal consumption expenditures deflator.
separability between consumption and leisure is important for understanding consumption fluctuations, perhaps with a role for rule-ofthumb behavior as well. These results would suggest that the support for habit persistence presented in Fuhrer (2000) and others arises because such work ignores nonseparability between consumption and leisure.
However, this interpretation is premature. As reported in the second column, the parameter estimates under the second instrument set are quite different: the habit parameter h is positive and, according to its asymptotic standard error, significantly different from 0 at the 5% level; the rule-of-thumb parameter is larger and significantly different from 0; and the nonseparability parameter 1 is not significantly different from 0. These results are very similar to the conclusion drawn by Fuhrer (2000) , which did not consider nonseparability.
These differences suggest that the instruments may be weak-that is, insufficiently correlated with the endogenous variables to provide reliable estimates of the parameters or associated standard errors. Andrews and Stock (2007) provide a survey of related literature; it should not be too surprising that weak instruments affect inference in the current example, as these authors use estimation of consumption Euler equations as an example plagued by weak instrument problems (although they do not consider recent work on habits and nonseparability, the topic here). For this analysis, two conclusions of this survey are important: if instruments are weak, conventional GMM point estimates and hypothesis tests are unreliable, and alternative methods that are robust to weak instruments may allow for correct inference. The remaining sections examine the evidence that instruments are weak and provide an analysis that is fully robust to weak instruments.
B. Weak Instruments, Habits, and Nonseparability
It will be more straightforward to fix ideas by considering a restricted version of equation (6) that ignores rule-of-thumb behavior and the role of the (ex ante real) interest rate, yielding
In equation (7), the nonlinear interaction of the parameters governing habits and nonseparability has been ignored, and the composite parameter 1* has been introduced, thereby producing a linear equation in both variables and parameters. This equation has two parameters (excluding the constant term), and the focus on a two-parameter example will allow a graphical presentation of the results that is more transparent than would be possible with additional parameters. (The additional parameters will be reintroduced later; of course, threedimensional graphs could be considered in a three-parameter case, but these are invariably more difficult to comprehend on a flat sheet of paper).
For simplicity, rewrite equation (7) as
where y is the T ϫ 1 vector of consumption observations (⌬ ln(C(t)), T is the number of observations), Y is the T ϫ 2 matrix of endogenous regressors ([⌬ ln(C(t Ϫ 1)), ⌬ ln(L(t))]), B is the 2 ϫ 1 parameter vector, and u is the error vector, which arises because equation (7) is in terms of expectations in the prior period. The endogenous variables Y are related to the instruments (in the matrix Z) via
where H is a parameter matrix and v is the error vector (with error covariance matrix denoted by S vv ). The instruments are irrelevant if H equals 0. The instruments are weak if they are weakly correlated with the endogenous variables, in a formal sense summarized in, for example, Andrews and Stock (2007 Table 2 presents the Cragg-Donald statistic for each instrument set along with the 5% critical value from Stock and Yogo (2005) that is based on the test that limits the bias of two-stage least squares (TSLS) to 10% of the inconsistency of ordinary least squares (OLS). The null hypothesis is that the instruments are weak, and values in excess of the critical value imply rejection of this null. For both instrument sets, the null hypothesis of weak instruments cannot be rejected. This confirms (in a formal sense) that the conflicting results reported above may reflect distortions to inference from weak instruments.
A number of techniques that are robust to weak instruments may allow researchers to consider the support in the data for habit persistence, nonseparability between consumption and leisure, and rule-ofthumb behavior in consumption fluctuations. The approach taken here corresponds to (one of) the fully robust approach(es) suggested in Andrews and Stock (2007) . Specifically, the Anderson-Rubin (1949) statistic provides a method that does not rely on whether the instruments are strong to consider tests of a null hypothesis that B equals B 0 . In particular, the following quadratic form involving K instruments is (under fairly general conditions, including those that apply when instruments are weak) asymptotically distributed as a 2 /K random variable with K degrees of freedom:
As is apparent from this equation, the AR statistic uses no information on the relationship between the instruments Z and the endogenous regressors Y and hence does not rely on whether the instruments are strong or weak. Rather, it is based on the simple idea that valid instruments are uncorrelated with the error term in the estimated equation-the u in equation (8)-at the true parameter vector; as a result, the quadratic form that examines the degree of orthogonality between the instruments and an estimate of the error term u should be small. Two additional points are noteworthy. First, the null hypothesis that the parameter vector equals B 0 could be rejected using the AR statistic either because B is far from B 0 or because the instruments are correlated with the error term u; in our examples, the latter possibility can be excluded, as the consumption Euler equation implies that any Note: The last row presents the critical values when weak instruments are defined so as to ensure that the bias of TSLS is no more than 10% of the inconsistency of OLS (Stock & Yogo, 2005) . For instrument set 1, the number of instruments equals 8; for instrument set 2, the number of instruments equals 10.
set of lagged values must be uncorrelated with the expectation error. Second, the AR statistic does not use any of the overidentifying restrictions that arise when the number of instruments exceeds the number of estimated parameters and hence can have very low power (a point emphasized in Andrews & Stock, 2007) . In our analysis, the AR statistic provides very clear results, indicating that these power concerns are not acute in this analysis and that the more complex approaches that potentially correct for low power are unnecessary.
The AR statistic is used to construct 90% confidence sets for the habit parameter h and the nonseparability parameter 1* in equation (7); two sets are constructed, using the two instrument sets used in the previous subsection. The parameters are restricted to range between Ϫ1 and 1. (This restriction is natural for the habit parameter and not binding for the nonseparability parameter.)
The resulting confidence sets are reported in figure 1. The light gray hatched region corresponds to the instrument set that excludes inflation; the dark gray hatched region adds inflation to the list of instruments. The results are clear. The light gray region suggests that the nonseparability parameter may be positive while the habit parameter is 0 or negative, as occurs under GMM estimation of equation (6), using this information set (for example, column 1 of table 1). But the light gray region also includes a large area in which the nonseparability parameter equals zero and the habit parameter is sizable-a possibility that is not apparent when simply looking at the values of the parameters and their standard errors in table 1. This confidence set demonstrates that an examination of point estimates and standard errors in table 1 may be very misleading.
The effect of the addition of inflation to the instrument set, shown via the dark gray region, are dramatic: the dark gray region excludes the possibility that habits are equal to 0, and its mass is very consistent with the nonseparability parameter approximately equaling 0. These results confirm the inference from the GMM estimates in table 1 using these instruments (see column 2).
C. Habits and Rule-of-Thumb Behavior
The analysis now returns to equation (6). The results in the previous section provide little support for nonseparability, consistent with column 2 of table 1. In order to focus on rule-of-thumb behavior, the parameter 1 is set to 0, and equation (6) becomes
While the analysis so far should lead the reader to view with suspicion results from conventional GMM estimation, table 3 presents parameter estimates obtained via GMM using both information sets. Overall, the results echo Fuhrer (2000) quite closely: the estimated habit parameter is sizable, and the rule-of-thumb parameter is in the neighborhood of one-fourth. Because of concerns regarding weak instruments, the roles for habit persistence and rule-of-thumb behavior can be gauged through examination of the 90% confidence sets constructed with the AndersonRubin statistic. Both instrument sets are considered. In order to focus on two-dimensional objects, the parameter s (the intertemporal elasticity of substitution) is set to 0.1 (about 0.1 percentage point above the point estimate of essentially 0 in table 3). The results are not sensitive to small variations in the value of this parameter, and related work has assumed this parameter is small (Sommer, 2007) . Figure 2 presents the confidence sets, with the rule-of-thumb parameter restricted to lie between 0 and 1. The results are not much affected by choice of instrument set; the light gray hatched region uses instrument set 1 (which excludes inflation), and the dark gray hatched region uses instrument set 2 (which adds inflation). Two results are very clear. First, the data cannot reject any value for the share of rule-of-thumb households. Second, the data do not reject the possibility that the share of rule-of-thumb households is small and the degree of habit persistence is sizable, but do reject the possibility that rule-of-thumb behavior is small in the absence of a large habit parameter-that is, the 90 percent confidence set does not span the area where the rule-of-thumb parameter and the habit parameter are both less than about 0.3.
IV. Conclusion
This research adds to previous investigations by considering simultaneously a role for habit persistence, nonseparable preferences between consumption and leisure or labor supply, and rule-of-thumb Note: Computed using the Anderson-Rubin (1949) statistic as described in the text. The light gray hatched region denotes the confidence set derived using the first instrument set (see notes to table 1); the dark gray hatched region denotes the confidence set using the second instrument set (which adds inflation to instrument set 1; see the notes to table 1). consumers in explaining the predictability of consumption growth. The analysis has illustrated (as has previous work) that inference can be strongly affected by problems associated with weak instruments in the estimation of consumption Euler equations. Using techniques that are fully robust to weak instruments, the data provide support for habit persistence and rule-of-thumb behavior in consumption fluctuations, along the lines suggested in Fuhrer (2000) and Sommer (2007) . There was little support for nonseparable preferences between consumption and leisure in explaining consumption fluctuations, suggesting that the focus on this factor to the exclusion of habits, in, for example, Basu and Kimball (2002) and Galí et al. (2007) , may be problematic.
DATA APPENDIX
Most series are taken directly from the Bureau of Economic Analysis's (BEA) National Income and Product Accounts (NIPA). The sample period used in estimation and in computing summary statistics is 1960:Q1 to 2004:Q4. Annualized growth rates from quarter-to-quarter are computed as 400 times the change in the natural logarithm of the variable.
Nondurables and services consumption excluding housing services equals total consumption minus durable expenditures and housing services in chain-weighted 2000 dollars (NIPA table 1.5.6, lines 3 and 13), where subtraction is performed via the Divisia approximation to the chainweighting procedure followed by BEA.
Disposable personal income is taken from NIPA table 2.1, line 26. It is converted to real values by dividing by the personal consumption expenditure deflator (NIPA table 1.5.4, line 2).
The real interest rate equals the quarterly average yield on three-month U.S. Treasury bills (from the Federal Reserve Board's h. 15 data release) minus the average of the annualized growth rate in the personal consumption deflator between the current and next quarter.
Inflation (in the current quarter) equals the annualized growth rate in the personal consumption deflator between the current and previous quarter.
Hours are measured as hours worked in the nonfarm business sector from the Productivity and Cost release of the Bureau of Labor Statistics.
Population is measured by the civilian noninstitutional population from the Employment Situation release of the Bureau of Labor Statistics. Note: Computed using the Anderson-Rubin (1949) statistic as described in the text. The light gray region hatched denotes the confidence set derived using the first instrument set (see notes to table 1); the dark gray hatched region denotes the confidence set using the second instrument set (which adds inflation to instrument set 1; see notes to table 1).
